Domain motions and quaternary packing of phosphofructokinase-2 from Escherichia coli studied by small angle x-ray scattering and homology modeling.
The binding of MgATP and fructose-6-phosphate to phosphofructokinase-2 from Escherichia coli induces conformational changes that result in significant differences in the x-ray-scattering profiles compared with the unligated form of the enzyme. When fructose- 6-phosphate binds to the active site of the enzyme, the pair distribution function exhibits lower values at higher distances, indicating a more compact structure. Upon binding of MgATP to the allosteric site of the enzyme, the intensity at lower angles increases as a consequence of tetramer formation, but differences along higher angles also suggest changes at the tertiary structure level. We have used homology modeling to build the native dimeric form of phosphofructokinase-2 and fitted the experimental scattering curves by using rigid body movements of the domains in the model, similar to those observed in known homologous structures. The best fit with the experimental data of the unbound protein was achieved with open conformations of the domains in the model, whereas domain closure improves the agreement with the scattering of the enzyme-fructose-6-phosphate complex. Using the same approach, we utilized the scattering curve of the phosphofructokinase-2-MgATP complex to model the arrangement and conformation of dimers in the tetramer. We observed that, along with tetramerization, binding of MgATP to the allosteric site induces domain closure. Additionally, we used the scattering data to restore the low resolution structure of phosphofructokinase-2 (free and bound forms) by an ab initio procedure. Based on these findings, a proposal is made to account for the inhibitory effect of MgATP on the enzymatic activity.